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Characterization of temperature dependent index of
refraction and thermo-optic coefficient for InAs and InSb

Christopher DiRocco, Peter Powers, Glen Gillen*, Shekhar Guha*,
Department of Electro-Optics. Dayton. OH. 45469 USA; E-mail: christopher.dirocco@wpafb.afmil; .Air Force Research Laboratory.

Materials and Manufacturing Directorate. Wright-Pallerson Air Force Bace.Dayton. OH 45433

Abstract: We demonstrate the use of interferometric techniques to measure the temperature
dependence of the index of refraction and thermo-optic coefficient of infrared wafer-shaped
optical materials, and report our results for InAs and InSb.

Introduction

Despite the importance of small bandgap materials such as InAs and InSb in many infrared applications, accurate
values of their refractive indices, dispersions, and thermo-optic coefficients are not easily available in the literature.

The traditional minimum deviation method for measuring the refractive index and thermo-optic coefficients of
materials cannot be applied to wafer-shaped materials having flat-parallel surfaces. In the past, non-destructive
refractive index measurements have been performed for wafer-shaped infrared materials at room and cryogenic
temperatures using a modified Michelson interferometer [1].

Here we demonstrate how an angle-dependent MichelsonlFabry-Perot interferometer, a temperature-dependent
Fabry-Perot interferometer, and a temperature-dependent laser micrometer may be used to accurately measure the
temperature dependent index of refraction and thermo-optic coefficient of wafer-shaped optical materials. The
accuracy of the method is first determined by measuring the optical parameters ofGe and Si and comparing with the
well accepted values. We report here the results for InAs and InSb measured at a wavelength of 10.61 ~m. The
measurements are performed using no previous knowledge of the material and are non-destructive in nature.
Method

Following the method outlined in reference [2], the absolute refractive index and thickness of a parallel wafer can be
independently determined using a combination of Michelson and Fabry-Perot interferometry. In this method the
sample is rotated in the beam path within the interferometer and the phase information is recorded as a function of
the sample's angular orientation. The phase information is extracted from the observed interferences with respect to
a reference beam, or due to multiple internal reflections within the sample for Michelson and Fabry-Perot
interferometry, respectively. The difference between the phase information of the two interferometric techniques
yields the sample materials thickness using the relation

47tL
,pm(0)- ,pAO)=-(I-cosO),A

where L is the materials thickness at the point of interest,A.is the probe laser wavelength, and e is the angle of the
normal of the sample surface with respect to the incident laser [2]. Once the thickness at the point of interest is
determined,the refractive index for the given temperaturecan be determinedfrom the phase informationfrom either
interferometric methods. The temperature dependence of the sample's thickness is measured using a laser
micrometerwhile the sample is mounted in a temperature-controlleddewar.

The phase change of the optical beam path for a single-pass Fabry-Perot interferometer is given by
,p(T) =41rL(T)n(T) / A . Using the previously determined function of L(f'), the temperature dependence of the
refractive index can be determined.
Results

The index of refraction and thermo-optic coefficient were measured for the approximate temperature ranges of 100
to 350 K for Ge, Si, InAs, and 100 to 225 K for InSb. The thermal expansion coefficients and thermo-optic
coefficients of Ge and Si have been previously well documented for the temperature range 98-298 K and were used
to verify our methods and results [3]. Figure 1 shows a typical result for the index of refraction vs. temperature for
InAs. Figure 2 illustrates the thermo-optic coefficient vs. temperature for InAs. We will present the results of n vs.
T and dn/dT vs. T for a variety of infrared materials including InAs and InSb. To the authors' knowledge these are
the first reported sample-specific results of the thermo-optic parameters for wafer-shaped infrared materials and the
first experimentally reported results for InAs and InSb across the noted temperature ranges.
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Figure I: n vs. Temp for InAs
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